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An anatomical investigation of mature ovaries and young fruits of Litchi chinensis Sonn. cv. HLH Mauritius 
revealed that the pistil of the litchi is eusyncarpous, i.e. contains a well-developed compitum. The obturator is 
a placental, crescent-shaped protuberance surrounding the broad base of each sessile ovule. The obturator 
and aril are separate structures. The aril does not arise from the funicle or the obturator, but initiates as a 
basi-ovular outgrowth of the young seed coat, at a site immediately above the obturator, several weeks after 
pollen tubes have reached the obturator. It can be concluded that aril development is not triggered by pollen 
tubes traversing the obturator papillae. 
'n Anatomiese ondersoek van volwasse vrugbeginsels en jong vrugte van Litchi chinensis Sonn. cv. HLH 
Mauritius het getoon dat die stamper van die lietsjie eusinkarp is, d.w.s. dit bevat 'n goed-ontwikkelde 
kompitum. Die obturator is 'n plasentale uitgroeisel wat die bree basis van elke sittende saadknop 
halfmaanvormig omsluit. Die obturator en arillus is afsonderlike strukture. Die arillus ontwikkel nie uit die 
funikulus of die obturator nie, maar inisieer distaal van die obturator as 'n basi-ovulere uitgroeisel van die jong 
saadhuid, etlike weke nadat stuifmeelbuise die obturator bereik het. Hieruit word afgelei dat stuifmeelbuis-
groei oor die obturator-papillae nie aanleiding gee tot arillusontwikkeling nie. 
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Introduction 
The litchi (Litchi chinensis Sonn.) is an evergreen tree 
species indigenous to China where it has been under cultiva-
tion for three thousand years. Because the litchi produces 
delicious fruit, numerous cultivars currently exist in tropical 
and subtropical parts of many countries around the world. 
Unlike most fleshy fruits found among angiosperms, the 
aromatic, fleshy and edible part of the litchi fruit does not 
result from the post-fertilizational development of the ovary 
wall (pericarp), but from an extensive and fleshy seed 
appendage, the aril that completely envelops the mature 
seed, while the pericarp becomes the rind and serves as 
protection unit only. In young fruits the aril is first 
discernible as a collar-shaped outgrowth at the base of the 
young developing seed. 
Another basi-ovular protuberance that contributes towards 
the development of the litchi fruit is the obturator. Several 
authors have reported the presence of this outgrowth that 
initiates during megagametogenesis and forms a conspic-
uous and obliquely-shaped collar at the base of each mature 
ovule. That the obturator plays a vital role in the fertilization 
process of the litchi by facilitating the growth of pollen 
tubes around the broad base of the ovule towards the micro-
pyle and embryo sac, has recently been demonstrated by 
Robbertse et at. (1992). Accepting the view maintained by 
Banerji and Chaudhuri (1944) and Joubert (1969) that the 
obturator and aril arise from the same primordium, Robbert-
se et at. suggested inter alia that ' ... the development of the 
aril is triggered by the pollen tube making contact with the 
(obturator) papillae ... ' The last-named authors pointed out 
that this aspect needed further investigation. The present 
paper reports the findings of the subsequent study. Concur-
rently, certain discrepancies, misconceptions and lack of 
factual details existing in the literature on the initiation and 
homology of the litchi obturator and aril are discussed and 
put in the right perspective. 
Material and Methods 
At the Agricultural Farm of the University of Pretoria, 
twenty inflorescences were labelled on each of two litchi 
trees (cultivar HLH Mauritius) two weeks after the last 
female flowers in the inflorescences had opened and while 
the male flowers were abscising. In horticultural literature 
this stage has been referred to as 'stamen drop'. At weekly 
intervals, ten of the largest developing fruits that showed no 
signs of degeneration were collected from the infructes-
cences and measured with vernier callipers. The pericarps of 
all fruits were partially removed and the stylar/apical parts 
of fruits exceeding 10 mm in length were cut away to ensure 
fixation of the median and basal parts of the fruits and 
seeds. The fixative consisted of a phosphate-buffered, 5% 
paraformaldehyde solution to which 0.5% caffeine was 
added, following the procedures of Mueller and Greenwood 
(1977), in order to improve the fixation of tannin-containing 
tissues . For the structure of mature ovaries and ovules, 
female flowers of the same cultivar were collected from an 
orchard at the Westfalia Estates in the Duivelskloof district, 
dissected and fixed as above. Conventional methods were 
applied for obtaining serial, longitudinal GMA (glycol-
methacrylate) sections (ca . 3 /-Lm) of flowers and the basal 
parts of developing fruits and for staining these sections 
with toluidine blue. 
Results and Discussion 
The compitum 
In the bi-Iocular ovary (Figure 1), two ovules are borne 
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directly opposite each other, each in its own locule. A broad 
central axis that is continuous with the base of the style, 
separates the two locules from each other. However, in the 
extreme apical part of the ovary, between the stylar base and 
the top of the central axis, a centrally situated, interlocular 
space is discernible. This space is lined by pollen tube 
transmitting tissue that is continuous with the transmitting 
tissue of the single stylar canal and the transmitting tissue 
on the abaxial surfaces of the stigma lobes. The litchi pistil 
is therefore eusyncarpous, because it contains a paracarpous 
region or compitum (Carr & Carr 1961), comprising a single 
stylar canal and an interlocular space from which two 
narrow channels, lined by transmitting tissue, lead into the 
locules. These narrow channels can only be seen in perfectly 
median longitudinal sections of a locule (Figure 1, ovule at 
right). If the section is slightly off-centre, the canal is cut off 
(Figure 1, ovule at left). The functions of the compitum in 
the reproductive process have been discussed by several 
authors (see Steyn et al. 1991 and references cited therein), 
but eusyncarpy has not yet been reported for the litchi. 
Position and homology of the obturator 
Obturators occur in many taxa, even in some very primitive 
flowers (De Boer & Bouman 1974; Sampson & Tucker 
1978) where groups of cells line the locule apex and 
surround the bases of funiculi. As part of the ovarian 
transmitting tissue, obturators possibly secrete chemotropic 
materials and provide nutrients for pollen tube growth 
(Tilton & Homer 1980 and references cited therein). In 
Ornithogalum caudatum Ait. the obturator develops from a 
proliferation of tissue at the base of the funicle and has 
therefore been regarded as placental funicular (Tilton & 
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Homer 1980). In the litchi the obturator forms a crescent-
shaped collar around the extreme base of each bitegmic, 
anatropous ovule (Figure 1). The broader part of the collar 
lies on the micropylar side of the ovule where a conspicuous 
outgrowth results. This protuberance is supplied by a 
separate vascular bundle that is connected to the dorsal 
(marginal) carpel trace (Figure 1, ovule at left). The ventral 
carpel trace becomes the vascular bundle of the raphe. The 
narrow, raphal part of the obturator lies at the entrance of 
the narrow channel leading from the compitum into the 
locule apex (Figure 1). In median longitudinal sections 
showing this channel, it erroneously seems as if the ovule 
has a well-developed funicle (Figure 1, ovule at right) as has 
been reported for the litchi by Banerji and Chaudhuri 
(1944), Comer (1976), Joubert (1%9) and Huibai et al. 
(1983). Consequently, the obturator has been regarded as an 
outgrowth of the funicle (Banerji & Chaudhuri 1944; Huibai 
et al. 1983; Sedgley & Griffen 1989: p.155). We regard the 
ovule of the litchi as sessile, because a distinct funicle is not 
discernible, and the obturator is ovarian transmitting tissue 
that surrounds the base of each ovule and develops as a pro-
liferation of the placenta. 
Although Joubert (1969) correctly interpreted the obtura-
tor as being part of the 'stigmatoid' tissue, only the epiderm-
al cells of the conspicuous proliferation on the micropylar 
side of the ovule, as well as the small group of cells ' ... in 
die gebied waar die naelstring in die buitenste integument en 
rafe aan die dorsale kant oorgaan' (i.e. in the region where 
the funicle becomes the outer integument and raphe on the 
dorsal side), were considered as part of the obturator. The 
outgrowth itself was regarded as a protrusion of the outer 
integument. The interpretation of Banerji and Chaudhuri 
Figure 1 Median longitudinal section of mature ovary showing central axis continuous with base of style at left-hand side of 
interlocular space, but interrupted by canal (arrow) at right-hand side. Note narrow raphal side and broad micropylar side of obturator. 
Compare regions A and B with Figures 2 and 3, respectively. a, central axis; b, basal region of style; c, interlocular space; e, obturator; 
f, vascular bundle to obturator; g, ventral carpel trace; h. dorsal carpel trace. Scale bar: 200 fl-m. 
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(1944) that the hump-like outgrowth was the obturator and 
that 'the outer integument is absent at the ventral side of the 
ovule .. .' was strongly criticized by Joubert (1969). 
We, in fact, agree with the opinion of Banerji and 
Chaudhuri (1944). When the outer integument originates as 
a unilateral, crescent-shaped outgrowth after its abaxial 
curvature into the anatropous position (Bor 1978; Bor & 
Kapil 1976), it is often not discernible on the ventral side of 
the ovule. Such ovules have been illustrated for other taxa of 
the Sapindaceae, e.g. Sapindus mukorossi (Mauritzon 1936, 
according to Van der Pijl 1957), Cupania hirsuta Radlk. 
(Van der Pijl 1957) and Euphorbia tongana Lamk. (Van der 
Pijl 1957). In these taxa there is, in addition, no proper 
funicle. The ovule is inserted on a conspicuous outgrowth of 
the placenta that functions as a funicle and is referred to as a 
pseudo-funicle (Van der Pijl 1957). In C. hirsuta the out-
growth forms an obturator underneath the micropyle (Van 
der Pijl 1957), as is the case in the litchi. 
Aril initiation and homology 
The aril is initiated when the fruits are 10 mm long. These 
fruits were collected during the fifth week after abscission 
of the last male flowers and approximately seven weeks 
after anthesis of the female flowers in the same inflores-
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cences. As stigmas are receptive on the second day after 
anthesis and pollen tubes have been observed on the obtura-
tor twenty-four hours after pollination (Robbertse et at. 
1992), it can be assumed that differentiation of the aril com-
mences approximately seven weeks after pollen tubes have 
traversed the obturator papillae. Sections of these fruits 
revealed that a slight bulge, the aril primordium, had just 
started to appear on the raphal side, at the extreme base of 
the young seed. This primordium lies immediately adjacent 
to (above) the obturator cells (Figure 2). Median longitudi-
nal sections passing through the micropylar zone showed 
that the bulge was less pronounced on the micropylar side of 
the seed, but the epidermal cells covering the free tip of the 
outer integument were enlarging and stained lighter than 
adjacent cells (Figure 3). Slightly off-centre sections of the 
micropylar zone, however, showed the aril primordium 
clearly (Figure 4). Below the aril primordium the tissue of 
the obturator was easily recognizable on the micropylar side 
of the developing seed (Figures 3 & 4). The papillate 
epidermal cells of the obturator seemed to be releasing a 
substance that stained red with toluidine blue and covered 
the aril primordium. At this stage the surface of the latter 
structure was extremely sticky to the touch. The composi-
tion of the exudate from the obturator papillae is unknown. 
Figures 2 - 4 Segments of longitudinal sections of young seven-week-old fruit, illustrating aril initiation. 2: Part of raphal side of 
fruit in median longitudinal section, comparable to region A in Figure I. Note obturator and exudate covering aril primordium. 
e, obturator; i, exudate; j, aril primordium; k, seed coat; I, pericarp. 3: Part of micropylar side of fruit in median longitudinal section, 
comparable to region B in Figure 1. Note obturator and aril initiating at arrow position from free tip of integument. e, obturator; 
i, exudate; I, pericarp; oi, outer integument. 4: Off-median longitudinal section of same fruit as in Figure 3. e, obturator; i, exudate; 
j, aril primordium; I, pericarp. Scale bars: 100 IJ..m . 
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Unlike stigmatic or stylar secretions that have received 
abundant attention in literature and reportedly contain 
polysaccharides for pollen tube nutrition, nucleic acid 
precursors, amino acids for both protein synthesis and a 
general nitrogen source, minerals and lipids (Tilton & 
Homer 1980 and references cited therein), obturatory 
secretions have not been scrutinized. It could not be 
ascertained whether the secretion of the litchi obturator, 
several weeks after pollination, was merely the exudate of 
dying cells or whether it had an additional function. 
Two weeks later the size of the developing aril had in-
creased considerably (Figure 5). The obturator was still 
visible on the micropylar side, but no secretion could be 
detected outside the persistent epidermal cells. In later 
developmental stages the obturator cells might become 
flattened and disappear as has been reported by Huibai et al. 
(1983). The last-mentioned authors maintained that in the 
cultivar Gui Wei '. .. on the micropylar side, the aril 
develops from the funicle at a site just above the obturator 
... about one month after anthesis.' Banerji & Chaudhuri 
(1944) stated that the aril initiates from the funicle and that 
the tissue of the obturator takes part in the process. Van der 
Pijl (1957) criticized the findings of Banerji and Chaudhuri 
(1944), as he regarded the hump-like obturator underneath 
the litchi ovule as the usual placental outgrowth or pseudo-
funicle that is characteristic of many Sapindaceae. In 
addition, Van der Pijl (1957) showed that the litchi aril does 
not develop from the placental outgrowth, but from a meri-
stematic ring that initiates from the rim of the outer integu-
ment and extends to the raphal side of the seed. Obviously 
unaware of the investigation of Van der Pijl (1957), Joubert 
(1969, 1986) also claimed that the aril differentiates from 
the tissue of the obturator, but regarded the latter as part of 
the outer integument. Comer (1976) claimed that the aril of 
the litchi is a funicular outgrowth, while Sedgley and 
Griffen (1989), citing Joubert (1986), mentioned that the 
litchi aril ' ... develops from the funicle, or from an out-
growth of the funicle termed the obturator.' 
The results of the present investigation agree with the 
findings of Van der Pijl (1957). Furthermore, the origins of 
the litchi obturator and the aril correspond to the situation 
found in other Sapindaceae described by Van der Pijl 
(1957). These two structures do not develop from the same 
tissue and can be regarded as separate entities. The obturator 
is placental in origin, as has been pointed out earlier in this 
paper, whereas the aril differentiates from the micropylar 
end of the outer integument and from the raphe cum integu-
ment on the raphal side. The funicle plays no part in the 
development of the aril. As the raphe and outer integument 
have a common base of origin (Kapil et al. 1980) and 
develop (together with the chalaza) into the seed coat, we 
regard the litchi aril as a true appendage of the seed coat. 
ConclUSions 
The suggestion that aril development is triggered by the 
growth of pollen tubes across the obturator papillae as 
proposed by Robbertse et al. (1992), seems to be iII-
founded. The last-mentioned authors were ' ... of the opinion 
that the obturator and aril are the very same structure'. This 
study has shown that the aril does not initiate from the same 
site or tissue as the obturator. The epidermal cells of the 
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Figure 5 Micropylar part of young aril in median longitudinal 
section. Note remains of obturator, immediately below aril. 
e, obturator; I, pericarp; n, micropyle position; 0, young aril. Scale 
bar: 100 IJ.-m. 
obturator can therefore not be goaded into meristematic 
activity by superficial stimulation exerted by the pollen tube. 
In addition, the delay of seven weeks between stimulus 
(pollen tube traversing the papillae) and response (aril 
initiation) seems unusually long. That the obturator itself 
does play a role in stimulating aril development can, how-
ever, not be completely ruled out as the nature or function of 
the secretion of the obturator papillae concomitantly with 
aril initiation is unknown. 
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